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I. I N T R O D U C T I O N
Delbrück scattering [I] , the scattering of a photo11 by the static electromagnetic field of a nucleus, is one of the fundamental processes of quantum electrodynamics (QED) which remains t o be calculated. A few theoretical results exist, involving various approximations, e.g., forward scattering, small-or large-angle scattering, highenergy scattering, as well as the Born approximation, which is most frequently used and which neglects multiple iriteractions witli the external field. For a review of those results we refer, e.g., t o Papatzacos and Mork [2] . Cheng et al. [3] calculated Delbrück scattering in the Born approximation without any additional assumpt ions.
In 1957 Rohrlicli [4] estimated the "Coulomb corrections" to tlie lowest-order Delbrück scattering amplitude for forward scattering of a photon on a lead nucleus. Within the last two decades several otlier attempts liave been pursued t o go beyond the Born approximation. Cheng and Wu [5-71 derived an expression for tlie Delbrück scattering amplitude valid at high energies arid small momentum transfers, which is exact t o all orders in (Zcu), viz., including multiphoton exchange to arbitrary orders. Cheng et al. [3] and Milstein and cc-workers [8, 9] investigated the high-energy process a t large scattering angles.
Delbrück scattering is one of the few nonlinear processes of Q E D which is observable. Experimental results [ l O , 111 suggest that the Born approximation is insufficient t o describe the data in particular for high-Z nuclei; thus, multiphoton exchange has t o be taken into account.
In our approach we employ the nonperturbative formalism of Wichmann and Kroll [12] to evaluate the amplitude for Delbrück scattering. Feynman diagrams of all orders in the coupling constant (Za) to the external field of the nucleus are included, a method that has proved t o be rather successful for the theoretical determination of self-energy [13-161 and vacuum-polarization corrections [12, 17, we can take the real part of the product t:jl (t:,;2)*. The symmetry of the integrand under rl -rz rnay be shown explicitly by taking (A7) into account, interchanging ll and l2 and using ~l~2 , l 2 l 1 , j 
From this expression it can be deduced that only the product of the polarization is important; thus, there are,
as expected, a no-spin-flip and a spin-flip matrix element. wliere m is the mass of the electron and denoting by (-iO) the liinit of the Green's function from below the cut.
CONCLUSIONS
Experiments on Delbrück scattering showed deviations from theoretical results in lowest-order perturbation theory and called for an improved theoretical description. In this context we have presented a general framework for the calculation of the Delbrück scattering amplitude t o all orders in (ZU.). The only approximations are the restriction to the lowest order in the fine-structure constant a and the neglect of recoil effects (external field approximation). In actual computations, however, one has to limit the number of partial waves involved. Depending on available computer facilities, our final expression may serve t o determine the Delbrück scattering amplitude to high precision. Numerical calculations along this line are in Progress.
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APPENDIX: GREEN'S FUNCTIONS
Witliin the Wichmann-Kroll formalism [12] The subscripts o and i denote regularity of the solution a t the origin and a t iiifinity, respectively. W designates t he Wronskian wliich is independent of tlie radial coordinate r. The components for rl < 1.2 are obtained by The Green's function for pointlike nuclei (pure Coulomb potential) were presented by Wichmann and Kroll [12] and by Mohr [13] . Finite nuclear-size effects can be obtained by using Green's functions in the potential of a spherical charge distribution. Taking a homogenously charged spherical shell as a model of the nucleus, the corresponding Green's functions were obtained by Gyulassy [17] and by Soff and Mohr [18] . Free radial Green's functions were explicitly indicated, e.g., by Mohr [13] . The latter are important in Delbrück scattering calculations, since the matrix element (1) contains an infinite part due to the free electron loop for forward scattering (' L9 = 0). In numerical calculations of M for all scattering angles the Same expression should be subtracted, replacing Green's functions in the external field by free radial Green's functions in order to achieve a better convergence of tlie Sums over ni and ~2 .
The radial Green's functions are analytic functions of r except for the eigenvalues of the Dirac equation. They have simple poles at the locations of the discrete eigenvalue spectrum and branch points at z = k m . There are two brancli cuts in the complex plane for r 2 m and r 5 -m, at all other points the radial Green's functions are single valued.
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